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(54) System for search of a codebook in a speech encoder. 

(57) A speech encoder synthesizes an excitation 
sound source in accordance with the linear 
coupling of at least two predetermined basis 
vectors. In realizing the codebook search by 
using signal processing LSIs, the ordination of 
the first cross correlation R m between an input 
speech signal p(n) and plural reproduced sig- 
nals obtained by using plural basis vectors is 
computed, and the ordination of the second 
cross correlation D mj of the plural reproduced 
signals qm(n) is computed. These ordinations 
are arranged to be one ordination Rd mj . By 
using the ordination Rd mj , all possible combi- 
nations of the third and fourth cross correlation 
calculations are carried out to provide a most 
optimum codeword. Consequently, the number 
of functions to be used is decreased. 
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FIELD OF THE INVENTION 

This invention relates to a system for search of a 
codebook in a speech encoder, and -a speech encod- 
er, and more particularly to a codebook search sys- 
tem in a speech encoder in which an excitation sound 
source is synthesized in accordance with the linear 
coupling of at least two basis vectors. 



ventional codebook search system is described in the 
US Patent No. 4.187.157, as explained later. 

However, the conventional codebook search sys- 
tem has a disadvantage in that the number of func- 
tions used for computing cross correlations is large, 
resulting in addressing difficulties and requiring an 
increased calculation capacity in the signal process- 
ing LSIs (DPSs) in the hardware system. 



BACKGROUND OF THE INVENTION 
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SUMMARY OF THE INVENTION 



Conventionally, various speech encoders appli- 
cable to digital mobile communication systems have 
been proposed and practically used in, for instance, 
the car industry. A CELP (Code Excited LPC Coding) 
process is typically used in the systems. 

The CELP process is a speech encoding process 
in which an excitation signal of speech is generated 
by a codebook, wherein short term parameters rep- 
resenting spectrum characteristics of a speech signal 
are sampled from the speech signal in each frame of, 
for instance, 20ms, and long term parameters repre- 
senting pitch correlation with the past speech signal 
are sampled from the presently supplied speech sig- 
nal in each subf rame of, for instance, 5ms. Thus, long 
and short term predictions are carried out to obtain 
long and short term excitation signals by the pitch 
and spectrum parameters, so that a synthesized 
speech signal is generated by adding the long term 
excitation signal to a signal selected from a codebook 
storing predetermined kinds of noise signals (random 
signals), and then adding the short term excitation 
signal to the signal thus obtained in the above addi- 
tion of the long term excitation signal to the codebook 
selected signal. This synthesized speech signal is 
compared with an input speech signal in a subtracter 
to generate an error signal, so that one kind of noise 
signal is selected from the codebook to minimize the 
error signal. This CELP process is described in a re- 
port titled "Code-excited linear prediction: High qual- 
ity speech at very low bit rates" by M. Schroeder and 
B. Atal on pages 937 to 940 "ICASSP, Vol. 3, March 
1 985". 

In this CELP process, a VSELP (Vector Sum Ex- 
cited Linear Prediction process has been proposed. 
Between the both processes there is a difference in 
that a synthesized signal is generated in the VSELP 
process by the linear coupling (code summation) of 
more than two predetermined basis vectors, so that 
the synthesizing process steps are largely decreased 
in number to improve error tolerance as compared to 
the CELP process. 

In the VSELP process, the linear coupling of op- 
timum basis vectors is transmitted from a transmit- 
ting side to a receiving side by using parameter de- 
fined codewords. For this purpose, optimum code- 
words must be searched on the transmitting side. 
This search is known as a "codebook search". A con- 



Accordingly it is an Object of the invention to pro- 
vide a system for search of a codebook in a speech 
encoder in which the number of functions to be used 

15 for computing cross correlations is decreased. 

It is a further object of the invention to provide a 
system for search of a codebook in a speech encoder 
in which the addressing is facilitated and the calcula- 
tion amount is decreased, when a codebook search 

20 system is realized by signal processing LSIs. 

According to the invention, there is provided a co- 
debook search system for a speech encoder in which 
a sound signal is synthesized in accordance with the 
linear coupling of at least two predetermined basis 

25 vectors, the system comprising: 

means for computing an ordination of a first 
cross correlation R m between an input speech signal 
p(n) and plural reproduced signals qm(n) obtained by 
using plural basis vectors; 

30 means for computing an ordination of a second 

cross correlation D mj of the plural reproduced signals 
qm(n); 

means for providing one ordination RD mj ob- 
tained from the first and second cross correlation R m 
35 and D mj ; and 

means for executing a calculation determining 
a most optimum codeword by using the ordination 
RD mj . 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detailed 
in conjunction with the appended drawings, wherein: 
Fig. 1 is a block diagram showing a conventional 
45 codebook search system, 

Fig. 2Aan 2B are flow charts showing operation 
in the conventional codebook search system, 
and 

Fig. 3, Fig. 4Aand 4B are flow charts showing op- 
50 eration in a system for search of a codebook in a 

speech encoder in a preferred embodiment ac- 
cording to the invention. 

DESCRIPTION OF THE PREFERRED 
55 EMBODIMENTS 

Before explaining a system for search of a code- 
book in a speech encoder in the preferred embodi- 
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ment, the aforementioned conventional codebook 
search system will be explained in Fig. 1. 

The conventional codebook search system com- 
prises a short term analyzer 1 02 for sampling a digital 
speech signal supplied to an input terminal 101 in 
each frame of 20ms to provide short term parameters 
representing spectrum characteristics, a long term 
analyzer 103 for sampling the digital speech signal in 
each subframe of 5ms to provide long term parame- 
ters representing pitch correlations of the presently 
supplied speech signal with the past speech signal, 
a subtractor 104 for generating an error signal be- 
tween the digital speech signal and a synthesized 
speech signal to be explained later, a weighting filter 
1 05 for providing a weighted error signal by receiving 
the error signal, an energy calculator 106 for provid- 
ing a minimum weighted error power signal by receiv- 
ing the weighted error signal, a codebook search con- 
troller 107 for generating code parameters in accor- 
dance with the minimum weighted error power signal, 
a codebook generator 108 for selecting a codeword 
from predetermined codewords by receiving the code 
parameters, a codebook 109 for storing the predeter- 
mined codewords, a long term predictor 110 for pre- 
dicting a long term excitation signal by receiving the 
long term parameters and adding the excitation sig- 
nal and the selected codeword, and a short term pre- 
dictor 111 for supplying the synthesized speech sig- 
nal to the subtractor 104 by predicting a short term 
excitation signal in accordance with the short term 
parameter, and adding the short term excitation to a 
signal supplied from the long term predictor 110. 

In operation, optimum codewords are selected 
from the codebook 109 by minimizing the error sig- 
nals in the subtractor 104 (details are explained in the 
U.S. Patent No. 4,817,157). 

In the codebook search system as explained in 
Fig. 1, a codebook search process as shown in Figs. 
2A and 2B is carried out. 

In Fig. 2A, a variable k, a codeword, and 0 im are 
initialized at step 201, where G im is a coefficient row 
representing the combination of coefficients (+1 or- 
1) of linear coupling for a M-order basis vector, and 
the relation with a codeword is defined below. 

When mth bit of a codeword i is 1 , 9 im = +1, and 
when it is 0, 0 im = - 1 

At this step, GRAY (i) is a function for Gray-code, 
and GRAY (i-1) and GRAY (i) are defined to be under 
this relation in which data is inverted by one bit, where 
the data is of a binary code. Here, 9 im is assumed be- 
low. 

Concerning 0 im , i = GRAY (i) 

At this step, the initialization is done to be "i = 
GRAY (0)" at 0 im as indicated by the equation "f20r. 

At step 202, the first cross correlation R™ (1 ^ m 
^ M, M is the order of a basis vector) using signals 
p(n) and qm(n) is computed by the equation ,l f202", 
and the ordination R m represented by D2 is obtained. 



Here, p(n) is a signal obtained by subtracting a 
zero input response of a filter having a property rep- 
resented by the equation "f21 7" from an input speech 
signal weighted by the spectrum parameter. In this 
5 equation '^217", N p is the order of the spectrum para- 
meter, otj is the spectrum parameter, and X l is a 
weighting coefficient. 

On the other hand, qm(n) is a signal obtained by sub- 
tracting a reproduced signal in the form of an excrta- 
10 tion signal obtained in accordance with the long term 
prediction from a reproduced signal of Mth order ba- 
sis vector. 

At step 203, the second cross correlation D mj (1 
^ m ^ j ^ M) using the signal qm(n) and a signal qi(n) 

15 is computed by the equation "f203", and the ordina- 
tion D mj represented by D3 is obtained. 

At step 204, a value, a value, at8 om , of correlation 
C u using 0 im and R m , that is, C Q is computed by the 
equation "f204". 

20 At step 205, a value, at 0 om , of the fourth cross 

correlation comprising a cross correlation comprising 
a cross correlation of 0 im , Gy and D mj (1 ^ j ^ N, 1 ^ 
m ^j) that is, G Q is computed by the equation "f205'\ 
At step 206, these values are assumed to be the 

25 maximum value C max for C u , and the maximum value 
G max for G u and the process is continued to steps as 
shown in Fig. 2B. 

At step 210, the variable k is incremented by one, 
and variables u and i are set to be k and k-1, respec- 

30 tively. In the equation "f210", "u = GRAY (u) u is set at 
0 umi and following steps 212 to 217 and the step 210 
are repeated until the equation '7211" becomes truth 
at step 211. 

At step 212, the coefficient row 0 um of the present 

35 time and t he coefficient row 0 im of t he former ti me are 
compared to provide the difference position v. The 
value v is one value of 1 to M. 

At step 213, the third cross correlation C u of the 
present time is effectively computed by adding a val- 

40 ue determined by 0 UV and R v to the third cross corre- 
lation Cj of the former time, as represented by the 
equation "f212'\ 

At step 214, the fourth cross correlation G u of the 
present time is effectively computed by adding a val- 

45 ue determined by G uj) 0 UV , D jv and D vj to the fourth 
cross correlation Gj of the former time, as represent- 
ed by the equation "f213'\ 

At step 215, a codeword which is now checked is 
examined whether it is more optimum than code- 

50 words selected so far by using the presently comput- 
ed C u and G u , and t he maxi mum values C max and G max 
among the values C u and G u computed so far, and, 
when the equation "f214" is false, that is, a codeword 
which is more optimum than the codeword of the 

55 present time has been already obtained, the process 
is returned to the step 210, at which a next codeword 
is examined. 

At step 216 and 21 7, when the equation "f214" is 
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determined to be truth at the step 214, that is, the co- 
deword of the present time is determined to be more 
appropriate than the codewords computed so far, the 
processes are executed, wherein the step 216 re- 
news the maximum values C max and G max with the 
values C u and G u of the present time by the equation 
7215", and the step 217 renews the codeword with 
the most optimum codeword in accordance with 
GRAY (u) by the equation "f216". 

As explained above, the third and fourth cross 
correlations are effectively computed at the steps 
213 and 214 by using the formerly computed third 
and fourth cross correlations. However, five kinds of 
functions must be used in the equations "f212" and 
"f213" atthe steps 213 and 214. Therefore, the afore- 
mentioned disadvantages are observed in the con- 
ventional codebook search system. 

Next, a codebook search process in a system for 
search of a codebook in a speech encoder in the pre- 
ferred embodiment will be explained. 

Fig. 3 shows a summarized flow chart by which 
the VSELP speech encoding process is carried out by 
DSP. 

At step 001, the first and second cross correla- 
tions R m and D mj are computed in the same manner 
as in the conventional codebook search process. 

At step 002, the first and second cross correla- 
tions R m and D mj are arranged in one ordination RD mj . 

At step 003, initial values for following calcula- 
tions such as initial maximum values for the third and 
fourth cross correlations C u and G u , etc. are set. 

At step 004, a counter for prescribing a codeword 
to be examined is incremented by one. 

At step 005, steps 006 to 009 are repeated until 
it is determined that the count is finished, wherein the 
third and fourth cross correlations C u and G u are 
computed to result in the decrease of functions to be 
used by one in number, because the first and second 
cross correlations R„, and D mJ are arranged in on or- 
dination D mj at the step 002. 

Figs. 4A and 4B show the codebook search proc- 
ess in the system for search of a codebook in a 
speech encoder in the preferred embodiment in more 
detail than Fig. 3. 

At step 101 in Fig. 4A, a variable k and a code- 
word are set to be 0, and the initial set of "i = GRAY 
(0)" is also done by the equation "f101". 

At step 102, the first cross correlation R m (1 ^ m 
^ M, M is the order of a basis vector) using signals 
p(n) and qm(n) is computed to obtain the ordination 
R m by the equation "f102". 

At step 103, the second cross correlation D mj (1 
^ m ^ j ^ M) using the signal qm(n) and a signal qj(n) 
is computed to obtain the ordination D mj by the equa- 
tion "f1 03". 

At step 104, the ordinations R m and D mj are ar- 
ranged to be one ordination RD mj . As shown at the 
step 104, the ordination R m is placed at the first pos- 



ition in each row to be followed by (M-1) of D mjst (m * 
j) in number for the first to M 2 th positions of the or- 
dination RD mj , and M of Djj S in number are placed at 
the (M 2 +1)th to M(M+1)th positions. 

5 At step 1 05, a value, at 9 om , of the third cross cor- 

relation C u using 0 im and R m , that is Co is computed 
by the equation "f104". 

At step 106, a value, at 9 om , of the fourth cross 
correlation G u comprising a cross correlation of 9 im , 

10 9ijandD mJ (1 ^j^N, 1 ^ m ^j), that is, G Q is computed 
by the equation n f105". 

At step 107, these values are assumed to be the 
maximum value C max and G^, respectively, and the 
process is continued to Fig. 4B. 

15 At step 119 in Fig. 4B, variables k, u and i are set 

to be (k+1), k and k-1, respectively, and "u = GRAY 
(u)" is set at 9 um by the equation "f120". Thus, steps 
121 to 127 and the step 11 9 are repeated by the times 
of (2 M -1) until the equation TI21" at the step 120 be- 

20 comes truth. 

At the step 121, the coefficient row 9 um of the 
present time and the coefficient row 9 im of the former 
time are compared to obtain difference position v. 
This value v is a value of a bit to be counted from the 

25 LSB by 1 , 2,. ..M, so that a start address of RD vj used 
at the steps 123 and 124 are computed by "(a start ad- 
dress of the ordination RD mj )+(v-1)xM". 

At the step 122, a new ordinate 9' uj having 9 UV to 
be used for the calculation of C u at the step 123 and 

30 9 uj (u*j) to be used for the calculation of G u at the step 
1 24 which are arranged in the using order is obtained. 

At the steps 123 and 124, C u and G u are comput- 
ed by successively using RD mj and 9' uj . That is, the 
third cross correlation C u of the present time is effec- 

35 tively computed at the step 123 by adding a value de- 
termined by 9' ui and RD mo to the third cross correla- 
tion Q, s represented by the equation "f124", and the 
fourth cross correlation G u of the present time is ef- 
fectively computed at the step 124 by adding a value 

40 determined by 9' uj , 9' ui and RD mj to the formerly com- 
puted fourth cross correlation Gj, as represented by 
the equation ,l f1 25" In this preferred embodiment, the 
kinds functions to be used are four in computing C u 
and G u , as represented by the equations "f124" and 

45 "f125". 

Atthe step 125, a codeword presently checked is 
examined as to whether it is more optimum than co- 
dewords selected so far by the equation "f126" using 
C u and G u presently obtained and the maximum val- 

50 ues C max and G max among values C u and G u obtained 
so far. Thus, when the equation 7126" is false, that 
is, a codeword which is more optimum than the co- 
deword of the present time has been already ob- 
tained, the process is returned to the step 119, and a 

55 next codeword is examined. 

At step 125, when the equation "f126" is deter- 
mined to be truth, that is, it is determined that the co- 
deword of the present time is more optimum than the 
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codewords selected so far, the steps 126 and 127 are 

executed, wherein the step 126 renews C max and G max 

with the presently computed C u and G u by the equa- 5. 

tion "f127", and the step 127 renews the codeword 

with the most optimum codeword in accordance with 5 

GRAY (u). 

The invention is not limited to the preferred em- 
bodiment described above, and some modification or 
alternation may be done by those skilled in the art. 
For instance, the difference position V, 0' uit and the 10 
new coefficient 0" u r0'uj9'ui rnay be computed in ad- 
vance, and a table in which the computed results are 
arranged in the order of GRAY code may be prepared, 
so that the steps 121 and 122 are omitted, and the 
calculation of 0' uj 0' U i carried out at the step 124 is 15 
omitted by using the new coefficient 8" uj . 

Although the invention has been described with 
respect to specific embodiment for complete and 
clear disclosure, the appended claims are not to be 
thus limited but are to be construed as embodying all 20 
modification and alternative constructions that may 
be occur to one skilled in the art which fairly fall within 
the basic teaching here is set forth. 



speech encoder as claimed in Claim 3. 

A method of searching a codebook in a speech 
encoder, comprising: 

computing an ordination of a first cross 
correlation R^ between an input speech signal 
p(n) and plural reproduced signals qm(n) ob- 
tained by using plural basis vectors; 

computing an ordination of a second cross 
correlation D mj of the plural reproduced signals 
qm(n); 

providing one ordination RD mJ obtained 
from the first and second cross correlation R m 
and D mj ; and 

executing a calculation determining a 
most optimum codeword by using the ordination 
RD mi . 



25 



Claims 



1 . A codebook search system for a speech encoder 
in which a sound signal is synthesized in accor- 
dance with the linear coupling of at least two pre- 30 
determined basis vectors, the system compris- 
ing: 

means for computing an ordination of a 
first cross correlation R m between an input 
speech signal p(n) and plural reproduced signals 35 
qm(n) obtained by using plural basis vectors; 

means for computing an ordination of a 
second cross correlation D mj of said plural repro- 
duced signals qm(n); 

means for providing one ordination RD mj 40 
obtained from said first and second cross corre- 
lation R m and D mj ; and 

means for executing a calculation deter- 
mining a most optimum codeword by using said 
ordination RD mi . 45 



A speech encoder according to Claim 1, wherein 
said executing means calculates all combina- 
tions of third and fourth cross correlation calcu- 
lations by using said one ordination RD mj . 



50 



A speech encoder comprising means for synthe- 
sizing a sound signal in accordance with the lin- 
ear coupling of at lest two predetermined basis 
vectors, and further comprising a codebook 
search system as claimed in Claim 1 or Claim 2. 



55 



4. A digital communication system employing a 
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